Approximately 21,700 yr B.P., after a period of quiescence of ~4800 yr, Nevado de Toluca volcano erupted, producing the Lower Toluca Pumice deposit. The activity generated a 24-km-high Plinian column that lasted ~11-13 h and dispersed 2.3 km 3 (0.8 km 3 dense rock equivalent) of tephra toward the NE, blanketing the Lerma basin, an area occupied today by the city of Toluca, with up to 5 cm of ash. Subsequent eruptive pulses were sub-Plinian in style, accompanied by phreatomagmatic explosions that emplaced surge deposits. Finally, the column collapsed toward the NE with the emplacement of a pumice flow deposit. The high vesicularity of the pumice from the basal Plinian layer, up to 83% by volume, indicates that exsolution was dominantly magmatic, and that pressurization of the magma chamber was probably due to a magma mixing process. Evidence for this includes the compositional range of juvenile products (61-65 wt% SiO 2 ), as well as the presence of two types of plagioclase, one in equilibrium and the other one with disequilibrium textures and reverse zoning. This suggests input of an andesitic liquid into the dacitic magma chamber. Based on the eruptive record, the most likely future eruptive activity at Nevado de Toluca volcano will be Plinian. Although quiet for more than 3250 yr, Plinian activity could occur after a long period of quiescence, and it could represent a hazard for the entire Toluca basin, where more than one million people live today.
INTRODUCTION
Nevado de Toluca volcano (19°09′N, 99°45′W, 4680 m above sea level [masl] ) is located in the central sector of the Trans-Mexican Volcanic Belt, 80 km southwest of Mexico City (Fig. 1 ). Activity at this andesitic to dacitic stratovolcano began ca. 2.6 Ma (De Beni, 2001; García-Palomo et al., 2002) . Nevado de Toluca was built upon a complex sequence of metasedimentary and metavolcanic Jurassic rocks (Campa et al., 1974) of the Guerrero terrane (Centeno-García et al., 1993) , a rhyolitic ignimbrite sequence dated at 38.3 ± 1 Ma belonging to the Tilzapotla Formation (García-Palomo et al., 2002) , and the 7.5 Ma Basal Sequence of andesitic lava flows, which represent some of the first episodes of the Trans-Mexican Volcanic Belt in this area (García-Palomo et al., 2002) .
The present crater is elongated E-W (2 × 1.5 km) and holds the "Sun" and the "Moon" lakes, which are separated by a central dacitic dome called El Ombligo. This dome was emplaced after the 10,500 yr B.P. Plinian eruption that deposited the Upper Toluca Pumice Arce et al., 2003) .
The volcano has been quiet since its last eruptive activity dated at 3250 yr B.P. (Macías et al., 1997) , although minor fumarolic activity was reported during the nineteenth century (Bloomfield and Valastro, 1977) . During the last 42 ka, the volcano has been characterized by different eruptive styles, including five dome collapses dated at 37, 32, 28, 26.5 , and 14 ka (Macías et al., 1997; García-Palomo et al., 2002) and four Plinian eruptions at 36 ka (Ochre Pumice), 24.5 ka (Lower Toluca Pumice) , 12.1 ka (Middle Toluca Pumice) (Arce et al., 2005) , and 10.5 ka (Upper Toluca Pumice) (Macías et al., 1997; García-Palomo et al., 2002; Arce et al., 2003) . All ages mentioned in this article are in 14 C yr B.P. The Upper Toluca Pumice represents the most violent and voluminous eruption, with the emission of 8 km 3 dense rock equivalent (D.R.E), and the formation of a 42-km-high Plinian column that dispersed material toward the ENE, blanketing the area occupied today by Mexico City with a >40-cm-thick pumice layer Arce et al., 2003) .
Despite the extensive work dedicated to the geological aspects of the volcano Bloomfield and Valastro, 1974; Capra and Macías, 2000; García-Palomo et al., 2002; Macías et al., 1997) , geomorphology (Heine, 1976; Norini et al., 2004) and pedostratigraphy (Sedov et al., 2001; SolleiroRebolledo et al., 2004) , no attention has been dedicated to a detailed study of the Lower Toluca Pumice. Surprisingly, the Lower Toluca Pumice represents an anomalous event in the eruptive history of the volcano, because andesitic magma was erupted (in contrast to the predominantly dacitic composition of all other eruptions) and because of the presence of abundant exotic fragments from the metamorphic basement for which this deposit is easily recognizable.
In this work, we present new radiocarbon ages and detailed stratigraphic and sedimentological data for the Lower Toluca Pumice deposit, along with the interpretation of the eruptive chronology. In addition, we provide new petrographic and geochemical data of juvenile products to understand the eruptive style and the magmatic processes that triggered this eruption.
STRATIGRAPHY AND SEDIMENTOLOGY
A total of twenty sections have been studied to determine vertical and lateral variations of the Lower Toluca Pumice deposit (Table 1; Figs. 2 and 3). The most complete sequence is at section NT01 (133 cm thick) located 14.7 km NE from the crater, where most of the thirty-five samples representing all horizons of the Lower Toluca Pumice were collected, dry-sieved for fractions between -4φ (16 mm) and 4φ (0.0625 mm) (φ = -log 2 d, where d is the diameter measured in mm) (Fig. 4) . Cumulative frequency curves define grain size (after Folk, 1980) .
At section NT01, the sequence consists of eight horizons of intercalated fall and flow deposits, from bottom to top: PFD1, PFD2, SD1, PFD3, SD2, PFD4, SD3, PFD5, where PFD stands for pumice fall deposits and SD for surge deposits (Figs. 3 and 5) . Extensive postdepositional remobilization of the nonwelded pyroclastic deposit has left few complete outcrops representative of the eruptive sequence. A pumice flow deposit (PFL-D) capped by an ash-fall layer (AFD) close the Lower Toluca Pumice sequence (Figs. 3 and 5) .
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The radial correlation of selected stratigraphic columns of the Lower Toluca Pumice (Figs. 2 and 3A, sections NT53, NT54, NT55) shows a gradual decrease of thickness with distance. The concentric correlation (Figs. 2 and 3B) between 11 and 15 km from the crater (sections NT58, NT13 and NT01, NT54) shows the main dispersal axis to be ~NE, as also observed from the isopach maps ( Fig. 6A and 6B) . Not all the Lower Toluca Pumice layers are homogeneously dispersed. As can be observed from sections in Figure 3 , layers PFD2 and PFD3 are poorly distributed and are present only along the main dispersal axis, while PFD1, PFD4, and PFD5 are widely dispersed. Figures 3A and 3B show the correlation of selected stratigraphic sections. The Lower Toluca Pumice generally lies on top of a well-developed, black paleosol (PT2 of Sedov et al., 2001 and Solleiro-Rebolledo et al., 2004) , while its upper limit is always marked by erosional surfaces capped by laharic horizons (Figs. 3A and 5B). As described in the following sections, textural characteristics and component contents have been used to make lateral correlations. In order to facilitate the deposit descriptions, maximum clast diameter is indicated in parenthesis after each component.
The PFD1 represents the basal layer, homogenously dispersed over the entire area, with a thickness that ranges from 14 cm at section NT55, to up to 82 cm at section NT01 along the main dispersal axis; both sections are ~14 km from the crater. This layer is clast-supported and, at the thickest sections (NT01 and NT13), reversely graded from sand and gravel at the base (Md φ −1.18φ) to gravel toward the top (Md φ −2.1φ). It is well sorted (σ φ 1.14) and consists of ocher, subangular pumice clasts (up to 6 cm), and subangular lithic fragments (~1.5 cm), including low to incipiently vesicular, gray-colored fragments, with bread crust texture, (hereafter named juvenile lithics), and accidental fragments (red dacite and schist). Schist fragments represent an exclusive component of the Lower Toluca Pumice with respect to other fallout deposits of Nevado de Toluca volcano. These fragments were most likely derived from the Jurassic metamorphic rocks of the Guerrero terrane (Campa and Coney, 1983) . The sequence follows with two fall deposits, PFD2 and PFD3, separated by the SD1 surge layer, observable only at sections along the main dispersal axis (section NT01). PFD2 is a gray layer, 2.5 cm thick, massive, clast-supported, constituted by subangular, sand-sized ocher pumice (Md φ −0.8φ), well sorted (σ φ 1), with juvenile and accidental lithics (~0.6 cm). SD1 is massive, 2 cm thick, clast-supported, poorly sorted (σ φ 2.02), with subrounded sand-sized pumice (Md φ −0.18φ), and millimeter-sized accidental clasts. PFD3 is gray, 5 cm thick, clastsupported, reversely graded, sandy (Md φ −1φ), well sorted (σ φ 0.87), with subangular pumice (1.8 cm), and millimeter-sized accidental lithics.
The upper portion of the deposit ends with a sequence of two surge layers (SD2 and SD3) alternatively capped by two fall deposits (PFD4 and PFD5, Fig. 3A ). Layer SD2 is laminated, varying in thickness from 1 to 3 cm, clast-supported, with sandsized pumice (Md φ −0.2φ), poorly sorted (σ φ 1.98), and contains millimeter-sized accidental clasts. PFD4 varies in thickness from 9 to 5.5 cm, is massive, clast-supported, sandy to gravely (Md φ −1.1φ), moderately sorted (σ φ 1.14), with subangular ocher pumice (~3.1 cm), and angular lithic clasts (~1 cm). SD3 is a gray horizon, 1-2 cm in thickness, sandy (Md φ −0.8φ), well sorted (σ φ 0.96), with subrounded fragments of pumice (~1.8 cm), and lithics (up to 0.7 cm). PFD5 is an ocher layer, 8-9 cm thick, from massive to normal graded, clast-supported, sandy (Md φ −0.7φ), moderately sorted (σ φ 1.16), with subangular pumice (~2.3 cm), and accidental lithics (~1.5 cm).
The main fallout sequence is capped by the PFL-D layer, a pumice flow deposit, and the AFD horizon, an ash-fall layer, both well exposed along the Zacango barranca (Fig. 2) . PFL-D is an ocher horizon, 28 cm thick, generally clast-supported, but with some matrix-enriched portions, massive, sandy (Md φ −0.4φ) and well sorted (σ φ 1.01), constituted by subrounded pumice fragments (~3 cm), and scarce accidental lithics (~0.5 cm). The AFD is a gray layer, with a homogeneous thickness of ~5 cm at a distance of 14 km from the crater, massive, fine sandy (Md φ 1.3φ) and well-sorted (σ φ 0.8), constituted by angular millimeter-sized accidental lithics and pumice. Charcoal and organic fragments were found at the base of this layer. We determined the age of the Lower Toluca Pumice for the first time by dating this material, as described next. 
AGE OF THE EVENT
A paleosol underlying the Lower Toluca Pumice was first dated by Bloomfield and Valastro (1974, 1977) at 24,780 ± 250 yr B.P. (average of five 14 C dates), which represents the maximum age of the eruption. Two new radiocarbon dates were obtained in this work from paleosols at the base of the Lower Toluca Pumice, yielding ages of 24,940 +255/-245 yr B.P., 18.7‰ δ 13 C, and 25,535 +340/-325 yr B.P., 18.6‰ δ 13 C, which are in good agreement with the first reported ages. We have dated the Lower Toluca Pumice more directly by sampling carbonized wood found at the base of the AFD, which is the topmost horizon of the Lower Toluca Pumice sequence. This yielded an age of 21,760 ± 220 yr B.P., 24.5‰ δ 13 C. Bloomfield and Valastro (1974) reported a similar age of 21,790 ± 200 yr B.P. by dating organic material found on sand and gravel layers on top of the Lower Toluca Pumice sequence but not correlated with the eruption by those authors. This new age for the Lower Toluca Pumice eruption lies between the two other documented Plinian eruptions dated at 36,000 (García-Palomo et al., 2002) and 10,500 yr B.P. (Arce et al., 2003) , and suggests a rough recurrence interval of ~14-11 k.y. for Plinian events at Nevado de Toluca volcano.
COMPONENT ANALYSES
Component analyses were done on fractions from -4φ to 3φ (a minimum of 500 points were counted for each fraction). The results were plotted together with the granulometric histograms to show the variation in size distribution for the Lower Toluca Pumice composite section (Fig. 4) , as well as vertical variations for each component (Fig. 7) . The Lower Toluca Pumice components consist of pumice, gray juvenile lithics, red accidental dacite and schist fragments, crystals, and glass. All fall layers display a constant pumice content (~60%), while juvenile lithics gradually increase from base to top (from 20% to 30%), except for a slight decrease in the PFD2 layer (~20%). Content of the red dacite fragments is also constant, varying from 2% to 3%; in contrast, schist fragments are more abundant in layers PFD2, PFD3, and PFD5 (~2%) and scarce in the other layers (<1%). Finally, crystals increase from 15% to 20% from PFD1 to PFD2 and then gradually decrease to ~10%, whereas glass fragments suddenly decrease from PFD1 to PFD2 (from 4% to 2%) and then maintain a constant value (~1%). The surge layers differ in component content. Apparently, SD3 is very similar to the fall layers, whereas SD1 and SD2 are enriched in juvenile lithics, red dacite fragments, and glass (up to ~40%, ~4%, and ~5%, respec- tively) and depleted in pumice (~40%), schist fragments (<1%), and crystals (~15%).
VOLUME AND COLUMN HEIGHT
A total of 20 stratigraphic columns were used to construct the isopach and isopleth maps for the PFD1 layer of the Lower Toluca Pumice deposit (Figs. 6A, 6C , and 6D). The uppermost fall layers are always incomplete or absent from the stratigraphic sequence, precluding construction of isopach and isopleth maps, because they have been eroded by lahars, which left thick laharic deposits (Fig. 3B) . For the same reason, we only estimated the volume and column height for the PFD1 layer, which is the thickest and most important fallout deposit of the Lower Toluca Pumice. Both isopach and isopleth maps show a main dispersal axis toward the NE (Figs. 6A, 6C , and 6D). The 5 cm isopach covers an area of ~520 km 2 . Minimum tephra volumes were calculated for the PFD1 layer using the isopach maps of Figure 6A , a linear regression plot of ln thickness versus area 1/2 (Fig. 8) , and the expression as derived by Fierstein and Nathenson (1992) . Since our data display only the proximal slope (Fig. 8) , we used a theoretical value for the distal slope, as proposed by Carey et al. (1995) for proximal restricted data sets. Thus, we obtained a minimum tephra volume for the PFD1 of 2.1 km 3 , considerably higher than the 0.25 km 3 previously estimated by . Considering an average tephra density of 1000 kg/m 3 and a magma density of 2500 kg/m 3 , we estimated a D.R.E. volume of 0.85 km 3 , which corresponds to an erupted mass of 2 × 10 12 kg. The isopleth map of PFD1 was constructed by using the average of the maximum diameter of the five largest lithic fragments in the layer (Fig. 6D) , typically found in the middle part of the layer. By using the downwind range and crosswind range parameters of Carey and Sparks (1986) , we estimated the maximum column height of the eruption that deposited PFD1 (Fig. 9) . In this case, we used a clast diameter of 0.8 cm with a density of 2.5 g/cm 3 , obtaining a column height of 24.5 km and a wind speed of 20 m/s. By comparing the thickness of PFD1 with the other fall horizons, we can qualitatively affirm that the other layers were emplaced from sub-Plinian eruptive columns with heights of less than 24 km, and probably even less than 20 km.
The maximum eruption column estimated previously can be converted to a maximum mass eruption rate according to the model of . Assuming temperate atmospheric conditions and a magma temperature of 800 °C (see section below for temperature estimation), a maximum mass eruption rate of 4 × 10 7 kg/s was estimated for PFD1. By considering this mass eruption rate value and a mass of 2 × 10 12 kg, we estimate a minimum duration time of 13 h for the Plinian column. A similar eruption duration was obtained by using the method proposed by Wilson and Hildreth (1997) . Based on the average accumulation rate of 0.02 mm/s (from table 4 of Wilson and Hildreth, 1997) and the maximum observed thickness of 82 cm for the PFD1 layer, we obtained a duration time of 11.4 h.
PUMICE VESICULARITY
Because vesicularity of pumice fragments provides valuable information on the vesiculation and fragmentation of the magma Houghton and Wilson, 1989; Sparks et al., 1978) , we determined the vesicularity of pumice clasts within each fall layer. Using the methodologies of Gardner et al. (1995) and Houghton and Wilson (1989) , we determined fragment densities (which were then converted to vesicularity) for a total of 150 pumice fragments ranging from 4 to 30 mm in diameter for each fallout. In particular, the vesicularity ranged between 70 and 83 vol% (Fig. 10) . PFD1 was sampled at two levels (base and top), yielding vesicularities of 75 vol% at the base and 83 vol% at the top, similar to the values obtained for layer PFD2. In contrast, the vesicularity decreased to 70 vol% in layers PFD3 and PFD4, then increased to 75 vol% in layer PFD5. These data suggest that the eruption was probably driven by magmatic fragmentation, in agreement with vesicularity values proposed by previous authors (Sparks et al., 1978; Houghton and Wilson, 1989) . The observed decrease in the vesicularity toward the upper fall layers is in accordance with the model proposed by Wilson et al. (1995) and Houghton et al. (2004) . This model indicates that with time the partially degassed magma builds up inward from the conduit walls, enhancing the reduction of the conduit and slowing the mass discharge rate. If water from the phreatic level is in contact with this stagnating magma, hydromagmatic explosions occur, producing small eruptive columns and fragmenting host rock that will be more abundant in the fallout deposits. The stratigraphy of the Lower Toluca Pumice clearly fits with this model; in fact the upper part of the sequence is characterized by the alternation of basal surges and fall deposits where schist fragments are more abundant than in the basal PFD1 layer.
PETROGRAPHY AND CHEMISTRY OF JUVENILE PRODUCTS
Five samples of juvenile material from the Lower Toluca Pumice were analyzed to determine their petrographic and geochemical characteristics. In particular, three pumice fragments and two highly vesiculated juvenile lithics were studied. The limited number of samples is due to the high degree of alteration of the deposit and to the reduced diameter of the fragments, which was generally smaller than 6 cm. Mineral and glass analyses were performed on the JEOL JXA-8600 electron microprobe at the CNR (Centro Nazionale di Ricerca) Università di Firenze (Italy).
We compared results from this work with those presented in previous studies of the Lower Toluca Pumice (Macías et al., 1997; Martínez-Serrano et al., 2004) 
Petrography and Mineral Chemistry
Two pumice clasts from layer PFD1 (NT25, NT13A) and one from layer PFD4 (NT54C) show porphyritic-seriate textures, and similar mineral assemblages with plagioclase (Pl), hornblende (Hbl), apatite (Ap), and oxides set in a glassy matrix (up to 95 vol%). Two different types of plagioclase are present (Fig.  11): (1) subhedral crystals with maximum dimensions of 4 mm, always zoned and twinned (Carlsbad type), defined by dusty/cellular zones of glass inclusions as in a sieve-like texture; and (2) elongated euhedral prismatic crystals up to 1-2 mm with clear and uniform grain interiors that are sometimes twinned (Carlsbad type). Type 1-Pl displays reverse zoning varying from An 40-50 (core) to An 43-60 (rim), while type 2 shows a uniform composition similar to the rim of type 1-Pl, with An 50-58 (Table 2) .
Hornblende varies from euhedral to subhedral in shape, is up to 2 mm long and barren of any type of alteration/oxidation (Fig. 12A) . Chemically, hornblendes fall between the pargasite and edenite fields ( Fig. 12B ; Table 3 ). The glass in the matrix is rhyolitic, with a wide compositional range from 68 to 75 wt% SiO 2 (Table 4) . Fe-Ti oxides (titanomagnetite and ilmenite) are present as a groundmass phase or as inclusions in hornblende (Table 5) . Based on the ilmenite-titanomagnetite geothermometer (Andersen and Lindsley, 1988) , a magma temperature of 837 ± 6 °C was obtained for the dacitic pumice (Table 5) . A few quartz phenocrysts and fragments of sedimentary rocks are also hosted by the glass matrix (Fig. 13) .
Juvenile lithics (NT01E and NT54C-1) have the same mineralogical paragenesis as the pumice, with, in order of abundance, Hbl, Pl, Ap, Fe-Ti oxides, and rare clinopyroxene, all set in a matrix of Pl microlites. Hornblende varies from euhedral to subhedral, is up to 2 mm long, and generally occurs as aggregates. Juvenile lithics do not show alteration, but do contain oxide and zircon crystals, as observed in the pumice fragments. The two types of plagioclase in the pumice, already described, are also present in the juvenile lithics, although type-2 Pl is scarce. Again, xenocrysts of quartz and sedimentary rocks (schists and recrystallized subgrains of quartz) are present as inclusions in the juvenile lithics (Fig. 13) .
Whole-Rock Chemistry
Major, trace and rare earth elements were determined by inductively coupled plasma-mass spectrometry (ICP-MS) (Tables 6A and 6B) at Activation Laboratories, Ontario, Canada. The composition varies from andesite, found only in some pumice fragments (including data from Macías et al., 1997 and Martínez-Serrano et al., 2004) to dacite (pumice and lithic fragments). The samples belong to the calc-alkaline series (Fig. 14) , and the SiO 2 content varies from 61 to 66 wt% (anhydrous basis). By comparing these data with Nevado de Toluca products younger than 42,000 yr, the Lower Toluca Pumice represents the most basic as well as the most differentiated product for a single event, with ~5 wt% of SiO 2 variation between juvenile components. In fact, block-and-ash flow deposits erupted during the past 42,000 yr are clearly dacitic, with SiO 2 contents between 65 and 67 wt%, including the Upper Toluca Pumice. Despite the small number of samples analyzed, the Harker diagrams (Fig. 15) show positive trends for the alkali elements, such as Na and K, as well as for Sr and Zr, and a relative decrease in Mg, Mn, Ca, Y, and V for the more differentiated samples.
DISCUSSION: ERUPTIVE HISTORY OF THE LOWER TOLUCA PUMICE
Based on the stratigraphic record of the Lower Toluca Pumice, it is possible to reconstruct the chronology of this Plinian eruption of the Nevado de Toluca volcano. Just prior to the eruption, ca. 21,700 yr B.P., the Nevado de Toluca volcano most likely had a morphology with a crater similar to its present crater, but without a central dome. This suggestion is supported by the lack of block-and-ash flow deposits or lithic-rich layers at the base of the Lower Toluca Pumice fallout sequence that would have indicated a dome destruction stage prior to Plinian activity. By inference, when the Lower Toluca Pumice eruption started, the volcano had an open conduit that allowed the establishment of a 24-km-high Plinian column, which dispersed ejecta northeastward for ~11-13 h. The plume blanketed the Lerma basin with up to 5 cm of pumice over an area occupied today by the city of Toluca (more than 1 million inhabitants). The reverse grading of the basal fall layer (PFD1), as well as the vesicularity index that increases from 75% to 83% through the layer suggest that the energy of the eruptive column was augmented. At least four other pulses are recorded in the stratigraphic record of the Lower Toluca Pumice, but, as discussed before, they were emplaced from sub-Plinian columns (<20 km high), and were probably accompanied by phreatomagmatic explosions, as evidenced by the presence of base surge layers at the bottom of each fall horizon. This phreatomagmatic component is only documentable for the final stage of the PFD1 eruption. In fact, despite the lack of any surge deposit at the base of the sequence, the high vesicularity of pumice in layer PFD1 (~83 vol%) indicates that vesiculation drove magma fragmentation (Sparks et al., 1978; Houghton and Wilson, 1989) . At the very end of the eruption, the column collapsed toward the NE and emplaced a pumice flow deposit (PFL-D). The upper lithic-and crystal-rich ash fallout (AFD) probably represents a final phreatic pulse.
Based on the chemical data presented here, it is difficult to determine the process that initiated the Plinian eruption. The vesicularity index excludes a phreatomagmatic component as the triggering process for the Plinian phase. Instead, a shift in pressure or temperature of the magma in the chamber would be required to explain the eruptive trigger mechanism. Two characteristics of the petrographic and mineral chemistry of the juvenile products suggest magma mixing: (1) the occurrence of two types of plagioclase phenocrysts, one of which was unstable and is reversely zoned (type 1), and the other type (type 2) that was in equilibrium, with a composition similar to that of the rim of the unstable type-1 Pl (Fig. 11) , and (2) the relatively wide range of SiO 2 (5 wt%) in the juvenile products (Fig. 14) . This evidence suggests that a more basic magma (with a SiO 2 content of at least 61 wt%, similar to the more basic pumices) intruded into a dacitic magma chamber (SiO 2 of 66 wt%). Subsequent magma mixing caused temperature variations and crystal disequilibrium, creating a new gas-rich hybrid magma that equilibrated prior to the eruption at 837 ± 6 °C (as suggested by the Fe-Ti oxide temperatures). The source of the basic magma can be related to the magmatic system feeding the Chichinautzin volcanic field during the last 40,000 yr (Bloomfield, 1975; Siebe et al., 2004) . In fact, the Y/Rb versus Rb and the La/Rb versus 1/Rb ratios for samples from the Tenango andesitic lava flow (data from García-Palomo et al., 2002) and the more differentiated Lower Toluca Pumice juvenile products follow a regression line (mixing) along which all the intermediate products lie (Fig. 16) . We chose the Tenango lava flow as an end-member composition, because it lies in the vicinity of the Nevado de Toluca volcano (Fig. 2) . We note that, based on the eruptive history described by Macías et al. (1997) , during the past 42 k.y., the Nevado de Toluca volcano changed 402-07 Bence and Albee (1968) .
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from dominantly effusive to explosive activity contemporaneously with the formation of scoria cones and fissural lava flows of the Chichinautzin volcanic field. This could suggest that the enhancing process of the younger explosive activity was a mixing process between these two different magma sources, as proposed here for the Lower Toluca Pumice.
As mentioned before, one of the most peculiar characteristics of the Lower Toluca Pumice deposit is the presence of schist fragments from the basement rocks, so far not found in other pyroclastic deposits of the Nevado de Toluca volcano (Fig.  13) , and more abundant in the upper fall layers PFD3, PFD4, and PFD5. These layers were associated with the final hydromagmatic pulses, which, as suggested by Houghton et al. (2004) , could have favored explosion in the conduit and the introduction of wall rock fragments. In addition, schist fragments without resorption features have been found as inclusions in the pumice, indicating a rapid expulsion (Fig. 13A-B) .
HAZARD ASSESSMENT
The Nevado de Toluca volcano is considered to be a quiescent active volcano, since its last activity occurred 3250 yr B.P. (Macías et al., 1997) . However, the Upper Toluca Pumice Plinian eruption, which represents one of the most violent eruptions in America since the late Pleistocene, occurred at only 10,500 yr B.P. (Macías et al., 1997; Arce et al., 2003) . Based on the stratigraphic reconstruction proposed by Macías et al. (1997) , the time interval between different eruptive periods varies from a minimum of 1.6 k.y. (e.g., between the 10,500 yr B.P. Upper Toluca Pumice and the 12,100 yr B.P. Middle Toluca Pumice; Arce et al., 2005) to a maximum of 8.7 k.y. (e.g., between the ca. 21,700 yr B.P. Lower Toluca Pumice and the ca. 13,000 yr B.P. blockand-ash flow deposit), and, in particular, a period of ~11-14 k.y. seems to be the recurrence time between Plinian eruptions (the 36,000 yr B.P. Ochre Pumice, the ca. 21,700 yr B.P. Lower Toluca Pumice, and the 10,500 yr B.P. Upper Toluca Pumice). At present, the crater of Nevado de Toluca is filled by the small, 50-m-high El Ombligo dome, the maximum height of which does not reach the elevation of the crater rim. Considering the time interval between eruptions, a recurrence of Plinian activity represents the most probable future eruptive scenario. In the case of a new Plinian eruption, it is likely that the Lerma basin would be covered by at least 5 cm of pumice, significantly affecting human activity in the city of Toluca.
CONCLUSIONS
Approximately 21,700 yr B.P., after a quiescence period of 4.8 k.y., the Lower Toluca Pumice Plinian eruption occurred at Nevado de Toluca volcano. The activity generated at least five eruption columns, the first of which reached an altitude of 24 km and was dispersed toward the NE. It produced 2.1 km 3 of tephra (0.8 km 3 D.R.E.) deposited over an area of 520 km 2 . Subsequent pulses were sub-Plinian, each initiated by a phreatomagmatic component, which emplaced surge deposits. Finally, the column collapsed toward the NE. Petrographic and chemical evidence suggests a magma mixing process as the triggering mechanism for the initial Plinian eruption, with the injection of andesitic magma (~61 wt% SiO 2 ) into a dacitic (~66 wt% SiO 2 ) chamber. Based on the eruptive record of Nevado de Toluca volcano, reactivation of Plinian activity is the most likely potential scenario in the future. The volcano has been quiet since ca. 3.2 ka, but, as shown by the Lower Toluca Pumice stratigraphic record, where the main eruptive pulse lies directly on top of a thick paleosol, a Plinian eruption could occur after long periods of inactivity. If this were to happen, it would represent a significant hazard for the entire Lerma basin, where more than 1 million people live. Macías et al. (1997) . Oxides analyzed by fusion ICP-MS in wt%. Data have been normalized to 100% on an anhydrous basis. 
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